Abstract: Primary non-target hazard assessment can be separated into two basic components: bait acceptance and toxicity. This bait acceptance study investigates the potential primary non-target hazard (direct consumption of bait pellets) that the broadcast application of rodenticide bait may pose to non-native feral cats and mongooses The study was conducted in 4 different forest habitats in Hawaii using 2 different commercial formulations of placebo bait pellets. We documented vertebrates that came to placebo bait pellets at bait monitoring stations to assess bait acceptance. Bait pellets were monitored at each site using 40 infrared (IR) monitorsidata loggers and weatherproof automatic cameras. During the 80 days of the study, cameras operated for 76,800 hours and recorded 21,211 slides of vertebrates at bait stations. Rodents, the target species, were the largest group, documented at stations in 98.98% (n = 20,994) of these photographs Feral cats were detected in 0.09% (n = 20) and mongooses in 0.46% (n = 97) of the slides of vertebrates at bait pellets. The 117 photos of feral cats and mongooses represent 44 occasions where these predators encountered bait pellets; in 14 of these the bait was eaten. These data suggest that the primary hazard to non-native feral cats and mongooses from the broadcast application of pelletized rodenticides is very low. Thus, lhis study should support the effort to obtain regulatory approval for the broadcast application of rodenticide bait for conservation purposes in the state of Hawaii.
INTRODUCTION
Introduced rats ( R a m spp.) have had devastating impacts on insular ecosystems worldwide, including the Hawaiian Islands (Atkinson 1977 , Buckle and Fern 1992 , Moon et al. 1992 , Seto and Conant 1996 . The historic introductions of these species to the Hawaiian Islands have been implicated in the extinction of numerous native plant and animal species directly through predation and indirectly via competition for habitat and food resources (Atkinson 1985) . Commensal rats have contributed significantly to declines in endemic Hawaiian flora and fauna (Atkinson 1977 , Baker and Allen 1976 , Scowcroft and Sakai 1984 , Stone 1985 , Scott et al. 1986 , Hadtield et al. 1993 . Introduced rats spread the seeds of invasive plants and are vectors for human and animal diseases such as leptosporosis (Tomich 1986) .
Rodent control is considered a high priority for many species and ecosystem restoration plans in Hawaii (Tobin 1994) . Broadcast rodenticides have been used successfully to control introduced rodents for species conservation and habitat restoration in New Zealand (Miller and Anderson 1992) and could potentially be used in Hawaii. The success of New Zealand rodent control efforts (Innes et al. 1995) prompted the formation of a multi-agency rodenticide-working group in Hawaii to seek regulatory approval for the use of similar techniques in Hawaii. Diphacinone was selected as the rodenticide to pursue for registration because of its effectiveness against rats in Hawaii (Tobii 1992), low risk to non-target species (including humans), and limited persistence in the environment (Kaukeinen 1982 , Lund 1988 . In 1995, collaborative efforts of the working group culminated in a statewide Environmental Protection Agency %PA) registration of J.T. Eaton All-Weather Bait Blocks for use in approved stations to reduce rat depredations in native Hawaiian ecosystems. At present, two 0.005% diphacinone formulations of J.T. Eaton Bait Blocks (fish-flavored, SLN HI 9 7 W , and peanut buttermolasses flavored, SLN HI-940001) are approved for use in protective stations for conservation purposes in the state of Hawaii. In June 1998, Hacco Inc. also obtained a similar statewide EPA registration for tamik Mini Bars All-Weather Rat and Mouse Killer (fish flavored, 0.005% diphacinone, SLN HI-980005).
Application of rodenticides in stations can be an effective technique for reducing rat populations in limited areas @ & o n and Halvorson 1990) but is extremely labor intensive and impractical for large areas. There is a critical need to obtain registration for a broadcast use pattern of rodenticides in Hawaiian conservation areas. Since many of the sites where native flora and fauna threatened by rodent species are in remote and rugged areas with limited access, the only cost-effective method for rodent control in these sites is the broadcast application of rodenticide bait (Moors et al. 1992 , Tobin 1994 . A statewide, Special Local Needs 2qc) EPA registration of Eaton and Hacco pelletized diphacinone bait formulations is being pursued for broadcast application in Hawaii.
To obtain regulatory approval for the broadcast application of diphacinone bait pellets for conservation purposes, primary hazard to non-target species must be determined. This study evaluated the direct non-target hazards of two bait formulations of pelletized diphacinone rodenticides to feral cats (Felis catus) and mongooses (Herpestes auropunctatu).
A separate discussion of avian non-target issues is in press. The two primary components of non-target assessment are bait acceptance and toxicity.
This project monitored detections at bait in the field to identify primary nontarget hazards.
METHODS
This study was conducted at four sites, three in Hawaii Volcanoes National Park on the Island of Hawaii The Nature Conservancy's Waikamoi Nature Preserve is located on the northeastem slope of Haleakal on the island of Maui. Waikamoi is a montane rainforest between 1500 and 1800 m in elevation. The overstory consists of Ohia and Koa. Understory vegetation includes Cheirodendron spp., Pelea spp., Myrsine spp., Pittosporwn spp., the epiphyte Astelia spp., and rare and endangered Cyanea spp. and Clermontia spp. Native fems (Drvopteris SPP. and Athyrium soo.) dominate the dron spp., Pelea spp., Myrsine spp., Pittosporum spp.) and tree fems (Cibotium spp.). Ground cover is predominately native ferns, shrubs and sedges; however, a few non-native weeds are common, including Himalayan raspberry (Rubus ellipticus) and banana polka (Passiflora mollissirna).
Two replicates were conducted per site, one per bait formulation, with the exception of Kipuka Nene for which we conducted three replicates, two using the Ramik formulation and one using the Eaton formulation. Separate plots were established for each replicate. maintained on a daily basis. Bait pellets were replenished when most of the pellet (>66%) was gone. F i and batteries were replaced each day as necessary. The alignment and positioning of monitors and cameras were inspected and tested each day. Information (bait take, number of events, number of pictures, changes made to STN-film, batteries, wire, IR source, monitor, camera) from stations was tracked on a daily basis to identify problems with equipment.
Events documented by the IR monitorldata logger are the basic unit of detections. Each event represents an occasion when the IR light was prevented from reaching the IR monitorldata logger. Events are documented in the IR monitorldata logger as an electronic record. Each event documents a code unique to each IR monitorldata logger (station), the date, time, event number, and a picture number (if applicable). Pictures are taken based on camera delay settings applied to the IR mo~tor/data logger. Encounters are defined as a continuous series of events and pictures that are grouped in time and space. An encounter may range from a single event and photo to multiple consecutive events and photos at the same station. An encounter presents a non-target animal with a bait pellet and the possibility of eating that pellet. Multiple pictures of the same encounter do not represent increased hazard. Once a pellet has been consumed, the opportunity for an encounter at that station ends until the next maintenance period. The encounter is the applicable unit for hazard asswment.
RESULTS
We recorded more than 167,000 events throughout the study (Table 1) The vast majority of photographs of vertebrates at bait (N = 21,211) were the target species of rodents 98.98% (n = 20,994) ( Table 2 ). Mongooses and feral cats appeared in 0.46% (n = 97) and 0.09% (n = 20) photographs of vertebrates at bait, respectively. There were 99 events associated with mongoose detections, producing 97 slides of mongooses at bait. This represents 39 encounters of mongooses with bait pellets (Table 3) , of which 13 (33%) resulted in pellets being eaten. One plot, Kipuka Nene (Rep 7 ) accounted for 71 of the slides of m o n g m at bait, 17 encounters of mongooses with bait, and 11 instances of bait consumption. One day at this plot produced 53 slides of 9 encounters, likely the same animal, and 7 of these pellets were eaten. Table 3 . Number o f events, pictures, encounters, a n d bait pellets consumed for mongooses a n d cats a t bait monitoring stations. Mongoose enwunters with bait occurred on 20 of the 80 days of the study and ranged from 1 to 9 per day. The Eaton bait pellets accounted for 34 of these encounters and all pellets that were eaten. Ramik bait pellets were implicated in 5 encounters; mongooses ate none of these bait pellets. There were 20 events associated with cat detections, producing 20 slides of feral cats at bait. This represents 5 encounters of feral cats with bait pellets, of which one (20%) encounter resulted in a single Eaton bait pellet being eaten. Kipuka Ki (Rep 2) recorded the highest percentage of cat detections 2.53% (n = 17) for the study. The 17 slides represent two distinct encounters of feral cats with bait pellets. One of these encounters resulted in the only bait pellet being eaten by a cat. Two encounters were at secured stations and three were at unsecured stations. Cat encounters with bait occurred on 4 of the 80 days of the study. There were two in the same plot on subsequent days, two in the same plot on the same day, and a single encounter at a third plot. 
DISCUSSION
Detections at bait were predominately the target species of rodents, 98.98% (n = 20,994). This study suggests that the hazard associated with the primary exposure of feral cats and mongooses to pelletized diphacinone bait is very low. Primary hazards will differ with the toxicant used in a bait formulation (e.g., brodificoum, bromadiolone, or chlorophacinone).
This
This study does not address secondary hazards. This data supports the multi-agency effort to obtain regulatory approval of the broadcast application of diphacinone bait to protect native resources in conservation areas in the state of Hawaii.
